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1. General

Unless otherwise noted, all the starting materials and reagents were purchased from
commercial suppliers and used without further purification. Solvents were purified by standard
procedures. CH,Cl,, acetone and Toluene and xylene and o, m, p-xylene were freshly distilled
prior to use. Reactions were monitored by thin layer chromatography (TLC) and analysis of
TLCs was done either via UV light (254 nm) or pma (phosphomolybdic acid). Melting points
were determined by using a standard melting point apparatus and were uncorrected. NMR
spectra were recorded as CDCls solution on 400 MHz instrument. The *H NMR chemical shifts
are reported as 6 value in parts per million (ppm) relative to tetramethylsilane (TMS, & =
0.00)/CHCI;3 (8 = 7.26) as internal standard. The 3C NMR chemical shifts are reported as &
values in parts per million (ppm) downfield from TMS and referenced with respect to the
CDCl; signal (triplet, centerline 6 =77.0 ppm). High-resolution mass spectra (HRMS) were
measured with ESI. IR spectra were recorded as KBr disks. The yields are of materials isolated
by column chromatographygel plates, and column chromatography purifications were carried
out using silica gel GF254. Specific rotation was determined by Rudolph Research Analytical
Autopol 1V Polarimeter .Enantiomeric excess (ee) determination was carried out on an Agilent
1260 interfaced to a HP 71 series computer workstation with Chiralpak AD/OD-H column.

2. General procedure for the preparation of chiral Schiff base ligands

The ligands 2a-2b were synthesized according to our previous report.t

The cinchona alkaloids were transformed into corresponding 9-amino compounds, followed
by condensation with different 3,5-Bis(1,1-dimethylethyl)-2-hydroxy-benzaldehyde to give
the corresponding Schiff bases 2c-2f. Preparation of the ligands with 2c as example:

(8R,9R)-9-amino-(9-deoxy)-epiquinidine was prepared according to the literatures.? Dissolved



(8R,9R)-9-amino-(9-deoxy)-epiquinidine (646.8 mg, 2.0 mmol) and 3,5-di-tert-butyl-
salicylaldehyde (515.5 mg, 2.2 mmol) in absolute ethanol (30 mL), then the reaction was
heated to reflux. After that, 3 g MgSQ, (dried at 110°C for 3 h before use) was added to the
solution. After 5 h, the mixture was slowly cooled down to room temperature and filtrated.
The solvent was evaporated under reduced pressure. The crude product was purified by flash
chromatography on silica gel (CH,Cl,/ methanol 80:1 to 60:1) to afford the Schiff base ligand

2c as a yellow solid (970.5 mg, 90% yield).
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Scheme 1. Procedure for the preparation of 2c

2d-2f were synthesized following the similar procedures. 2d was using cinchonine, while 2e
was using quinine and 2f was using hydroquinine as the staring material.

3. Characterization data for new chiral Schiff base ligands

Catalyst 2c: Yellow solid; 90% yield; m.p. 105-107 °C; [a]3° +72 (c 0.25, CHCls); IR (KBI): vimax = 3429,
2950, 2869, 1620, 1278 cm™; *H NMR (400 MHz, CDCls): § = 13.5 (s, 1H), 8.77 (d, J = 4.4 Hz, 1H), 8.41 (s,
1H), 8.04 (d, J = 9.2 Hz, 1H), 7.63 (br s, 1H), 7.51 (d, J = 4 Hz, 1H), 7.40 (dd, J = 9.2, 2.8 Hz, 1H), 7.33 (d,
J=2.4Hz, 1H), 7.06 (d, J = 2.4 Hz, 1H), 5.93-5.84 (m, 1H), 5.09-5.05 (m, 2H), 4.92 (br s, 1H), 4.04 (s, 3H),
3.54-3.45 (m, 1H), 3.08-2.97 (m, 2H), 2.95-2.90 (m, 2H), 2.31-2.25 (m, 1H), 1.64 (br s, 1H), 1.56-1.52 (m,
2H), 1.41 (s, 9H), 1.26 (s, 9H), 1.22-1.19 (m, 1H), 1.03-0.96 (m, 1H) ppm; 3C NMR (100 MHz, CDCls): § =
166.7, 157.9, 147.7, 145.0, 144.7, 140.4, 140.1, 136.4, 132.0, 127.7, 127.1, 126.4, 121.9, 121.2, 117.8, 114.6,
101.7, 60.9, 55.5, 49.6, 47.5, 39.5, 34.9, 34.1, 31.4 (>3), 31.3, 29.4 (>}), 29.2, 27.8, 26.5, 24.9 ppm; HRMS-
ESI (m/z): [M+H]" calcd for C3sHsN302 540.3590, found 540.3599.



Catalyst 2d: Yellow solid; 75% vyield; m.p. 147-149 °C; [a]° +85.5 (¢ 0.25, CHCIs3); IR (KBr): vmax =
3427, 3951, 2869, 1627, 1272 cm'L; 'H NMR (400 MHz, CDCls): § = 13.4 (s, 1H), 8.95 (d, J = 4.4 Hz, 1H),
8.42 (s, 1H), 8.33 (d, J = 8.4 Hz, 1H), 8.16 (d, J = 8.4 Hz, 1H), 7.77-7.73 (m, 1H), 7.67-7.65 (m, 2H), 7.34-
7.32 (m, 1H), 7.05 (d, J = 2.4 Hz, 1H), 5.89-5.81 (m, 1H), 5.14 (br s, 1H), 5.09-5.04 (m, 2H), 3.50-3.43 (m,
1H), 3.08-2.87 (m, 4H), 2.30-2.24 (m, 1H), 1.62 (br s, 1H), 1.56-1.53 (M, 2H), 1.41 (s, 9H), 1.26 (s, 9H), 1.22-
1.19 (m, 2H), ppm; 3C NMR (100 MHz, CDCls): § = 197.3, 166.7, 157.9, 150.3, 148.6, 146.4, 140.4, 140.0,
136.4,131.9,130.7,129.2,127.8,127.1,126.9, 126.8, 126.4, 123.0, 120.6, 117.8, 114.6, 61.4, 49.6, 47.6, 39.6,
34.9, 34.0, 31.4, 31.3, 29.4, 29.2, 27.9, 26.4, 24.8 ppm; HRMS-ESI (m/z): [M+H]* calcd for CasHasNsO
510.3484, found 510.3493.

Catalyst 2e: Red solid; 65% yield; m.p. 173-175 °C; [a]%° -96 (¢ 0.25, CHCIl3); IR (KBr): vmax = 3443,
2950, 2866, 1620, 1249, cm't; H NMR (400 MHz, CDCls): & = 13.3 (s, 1H), 8.78 (d, J = 4.8 Hz, 1H), 8.10
(d, J = 8.8 Hz, 2H), 7.63-7.57 (m, 2H), 7.42 (dd, J = 8.8, 1.6 Hz, 1H), 7.31(d, J = 2 Hz, 1H), 7.04 (d, J = 2 Hz,
1H), 4.67 (d, J = 9.2 Hz, 1H), 3.86-3.79 (m, 1H), 3.34-3.27 (m, 1H), 2.89-2.80 (m, 1H), 2.62-2.55(m, 1H),
2.40-2.39 (M, 1H), 2.35-2.26 (m, 1H), 1.61 (br's, 1H), 1.51 (d, J = 6.4 Hz, 3H), 1.42 (s, 1H), 1.35 (s, 9H), 1.23
(s, 9H), 1.17-1.33 (m, 1H), 1.09-1.07 (m, 2H), 0.71-0.66 (m, 1H), ppm; *C NMR (100 MHz, CDCl3): § =
197.3, 166.4, 157.8, 157.1, 146.3, 142.7, 140.5, 136.4, 131.9, 131.0, 129.0, 128.5, 128.2, 127.5, 126.4, 123.1,
120.7, 117.6, 58.0, 16.8, 44.9, 40.4, 34.9, 34.1, 31.5, 31.3, 29.4, 29.2, 27.7, 25.3, 25.1, 24.6, 23.3, 14.7 ppm;
HRMS-ESI (m/z): [M+H]" calcd for C3sHasN302 526.3434, found 526.3415.

Catalyst 2f: Yellow solid; 85% yield; m.p. 119-120 °C; [«a]Z° -86 (c 0.25, CHCI5); IR (KBr): vmax = 3425,
2954, 2869, 1620, 1249 cm'’; *H NMR (400 MHz, CDCls): = 13.5 (s, 1H), 8.77 (d, J = 4.4 Hz, 1H), 8.42 (s,
1H), 8.05 (d, J = 9.2 Hz, 1H), 7.66 (br s, 1H), 7.49 (d, J = 4 Hz, 1H), 7.40 (dd, J = 9.2, 2.4 Hz, 1H), 7.32 (d,
J=2Hz, 1H), 7.04 (d, J = 2 Hz, 1H), 4.87 (d, J = 8.8 Hz, 1H), 4.03 (s, 3H), 3.60 (d, J = 8.8 Hz, 1H), 3.52, (d,
J=4.8 Hz, 1H), 3.23-3.17 (m, 2H), 2.82-2.76 (m, 1H), 2.51 (d, J = 13.6 Hz, 1H), 1.61 (s, 2H), 1.41 (s, 9H),
1.26 (s, 9H), 0.90-0.84 (m, 3H), 0.82-0.79 (m, 3H), 0.08 (s, 2H) ppm; 23C NMR (100 MHz, CDCl3): 5 = 166.4,
157.9, 147.6, 144.6, 140.1, 136.4, 132.0, 127.7, 127.1, 126.4, 121.7, 117.9, 102.0, 65.1, 60.5, 58.0, 55.5, 42.0,
40.9, 37.5, 34.9, 34.0, 314, 30.1, 29.4, 29.1, 28.9, 27.7, 25.7, 25.5, 23.3, 23.1, 14.1, 12.1, 11.2 ppm; HRMS-
ESI (m/z): [M+H]" calcd for CasHasN3O2 542.3747, found 542.3746.

4. Effects of additives, concentration and oxidant on the 2f catalyzed asymmetric
epoxidation of N-alkenyl sulfonamides

For the asymmetric catalytic reactions, the additives sometimes have shown positive effect for

both yield and ee value. Hence, a series of additives were tested in the reactions (Table 1).

Yamamoto® had noted that magnesium oxide could both improve the reactivity and

enantioselectivity significantly in the Hf(O#-Bu)s-BHA catalyzed epoxidation of N-alkenyl

sulfonamides and the mechanism of MgO is still elusive. So, we also examined MgO in our

reaction system, but it was inferior to Na,COs (Table 1, entry 1 vs. 2). Then other carbonates



were tested as additives (Table 1, entries 3-5), and K,COs gave better result. When the amount
of K,COs was increased to 40 mol%, both the ee value and yield were improved (Table 1,
entry 6). It is reported that the molecular sieve has shown an improvement in Ti-catalysed
epoxidation of allylic alcohol.* However, in this transformation, both 3A and 4A molecular
sieve were not favorable (Table 1, entries 7& 8). Different concentration of 0.05 M, 0.1 M and
0.2 M were also tested, and the result showed that the 0.1 M was the best (Table 1, entry 6 vs.
9, 10). Two other commonly used oxidants were also been tested, and the results showed that
TBHP (#-butyl hydroperoxide) almost could not oxidize the model reaction (Table 1, entry 11),
while m-CPBA (3-chloroperoxybenzoic acid) could oxidize this reaction well but with racemic
product (Table 1, entry 12).

Table 1. Effects of additives, concentration and oxidant on the 2f catalyzed asymmetric

epoxidation of NV-alkenyl sulfonamides

10 mol% Ti(Oi-Pr),

H
10 mol% 2f o H
AN > L
1a toluene, 20-40 mol% additive
oxidant (2.5 equiv.), rt, 72 h 3a

Entry? Additive Loading of Conc.(M) Oxidant  Yield® ee® (%)

base (%)

(mol%)
1 MgO 20 0.1 CHP 42 65
2 Na,CO; 20 0.1 CHP 44 69
3 NaHCO; 20 0.1 CHP 40 62
4 Cs2COs 20 0.1 CHP 50 55
5 K>COs 20 0.1 CHP 49 71
6 K>COs 40 0.1 CHP 56 74
7 3AMS 20 0.1 CHP 35 32

8 4 AMS 20 0.1 CHP 30 35




9 K2COs 40 0.05 CHP 40 65

10 K>COs3 40 0.2 CHP 58 62
11 K>COs 40 0.1 TBHP trace —
12 K>COs3 40 0.1 m-CPBA 56 5

* All reaction were performed with 1a (0.20 mmol), Ti(Oi-Pr)s (10 mol%) and
catalyst 2f (10 mol%), additive (20-40 mol%), oxidant (2.5 equiv.) in toluene (1-4
mL) at room temperature.

®Isolated yield; reaction for 72 h.

¢ Enantiomeric excess of 3a, determined by chiral HPLC analysis using Chiralcel
OD-H column.

5. Screening the solvents and the temperature in the asymmetric epoxidation of V-

alkenyl sulfonamides

Solvent always plays an important role in the asymmetric catalysis. From Table 2, we can see
that, when THF, DCM and acetone were tested, no significant results were obtained (Table 2,
entries 1-3). The xylene gave better results than toluene. The ee value was increased and at the
same time the reaction yield hold steady (Table 2, entry 5 vs 4). Interestingly, o, m, p-xylene
gave different performance (Table 2, entries 6-8). When the o-xylene was used, the ee value
had further increased to 83%, and the yield also increased proportionally (Table 2, entry 6).
Hence, the o-xylene was the choice of solvent in the next experimental phase. When the
temperature was decreased to 0°C, the ee valued increased significantly, but the yield
decreased subtly. (Table 2, entry 9). As temperature was lowered around -10°C, the yield was
decreased substantially with lightly increased ee value (Table 2, entry 10). When temperature
reached below -24°C, both the yield and the ee value decreased potentially (Table 2, entry 11).
Table 2. Screening the solvents and the temperature in the asymmetric epoxidation of

N-alkenyl sulfonamides



10 mol% Ti(Oi-Pr),

H 8

/\:N\Ts soll:nr:oz:: r::)I% K,CO4 OQVH\TS

a CHP (2.5 equiv.), -24°C-rt, 72 h 3a

Entry? Solvent Temp. (°C) Yield® (%) ee’ (%)
1 DCM rt 65 21
2 THF rt 55 33
3 acetone rt 45 45
4 toluene rt 56 74
5 xylene rt 60 77
6 o-xylene rt 64 83
7 m-xylene rt 56 73
8 p-Xylene rt 62 70
9 o-xylene 0 51 91
10 o-xylene -10 28 92
11 o-xylene -24 10 5

& All reaction were performed with 1a (0.20 mmol), Ti(Oi-Pr)s (10 mol%) and
ligand 2f (10 mol%), KoCO3 (40 mol%), CHP (2.5 equiv.) in different solvents (2
mL) in different reaction temperature.

®Isolated yield; reaction for 72 h.

¢ Enantiomeric excess of 3a, determined by chiral HPLC analysis using Chiralcel
OD-H column.

6. Typical catalytic asymmetric epoxidation of N-alkenyl sulfonamides under
optimization conditions
Ti(Oi-Pr)4 (1.0 M in toluene, 0.02 mmol, 20 uL ), Schiff base ligand 2f (0.02 mmol, 10.8
mg) were dissolved in 0-xylene (2 mL) at room temperature. The mixture was stirred at room
temperature for 5 h. Then, the corresponding N-Alkenyl Sulfonamide (0.20 mmol) and K,COs3

(11.0 mg, 0.08 mmol) and cumene hydroperoxide (97 1L, 0.5 mmol) were added sequentially



at 0C. The mixture was stirred for 72 h at 0°C, and the residue was purified by flash
chromatography on silica gel (petroleum ether/ethyl acetate, 3:1) to provide the desired
product. The enantiomeric purity of the product was determined by HPLC analysis. The

absolute configurations of the products were assigned by comparison to literature data.?

7. Characterization Data for Starting Materials and Products
Characterization Data for Starting Materials:

Z>~"15 1a: 'H NMR (CDCls, 400MHz): § = 7.77(d, J = 8.8 Hz, 2H), 7.33(d, J = 8.0 Hz, 2H),
5.79-5.69(m, 1H), 5.21-5.10(m, 2H), 4.45(br s, 1H), 3.61(t, J = 6 Hz, 2H), 2.45(s, 3H) ppm.

Z>~"ws 1b: 'H NMR (CDCls, 400MHz): & = 7.81(d, J = 6.8Hz, 2H), 6.99-6.96(m, 2H),
5.75-5.67(m, 1H), 5.17-5.05(m, 2H), 4.92(br s, 1H), 3.87 (s, 3H), 3.56(s, 2H) ppm.

O 1c: 'H NMR (CDCls, 400MHz): § = 7.51-7.49(m, 1H), 7.36(d, J = 6.0 Hz,
1H), 6.94(d, J = 8.8Hz, 1H), 5.77-5.67(m, 1H), 5.20-5.08(m, 2H), 4.82(br s, 1H), 3.93(s, 3H),

3.92(s, 3H), 5.58(s, 2H) ppm.

7 14 HNMR (CDCls, 400MHz): 5 = 7.76(d, J = 7.8 Hz, 2H), 7.33(d, J = 8.4 Hz,

2H), 5.04(s, 1H), 4.82(br s, 1H), 3.52(s, 2H), 2.42(s, 3H), 1.60(s, 3H), 1.52(s, 3H) ppm.

™ e HNMR (CDCls, 400MHz): § = 7.76(m, 2H), 6.99-6.95(m, 2H), 5.07-5.01(m,
1H), 4.43(br s, 1H) 3.87(s, 3H), 3.51(t, J = 7.6Hz, 2H), 1.61(d, J = 11.6Hz, 3H), 1.52(d, J =

9.6Hz, 3H) ppm.

(\/ STs

2 1f: 'H NMR (CDCls, 400MHz): § = 7.77(d, J = 8.8Hz, 2H), 7.31( d, J = 8.2Hz, 2H),
5.20-5.43(m, 1H), 5.30-5.21(m, 1H), 4.85(br s, 1H), 3.60-3.57(m, 2H), 2.43(s, 3H) ,1.96-

8



1.90(m, 2H), 0.89(t, J = 7.2Hz, 3H) ppm.

"~ "1 1g: 'H NMR (CDCls, 400MHz): & = 7.77(d, J = 8.4Hz, 2H), 7.33-7.30( m,
2H),5.62-5.58(m, 1H), 5.32-5.27(m, 1H), 4.82(br s, 1H), 3.53-3.50(m, 2H), 2.43(s, 3H) ,1.97-

1.92(m, 2H), 0.93-0.87(m, 3H) ppm.

H
N\
= Ts

L 1h: 'H NMR (CDCls, 400MHz): § = 7.77(d, J = 8.8Hz, 2H), 7.30(d, J = 8.0Hz,
2H),5.47-5.43(m, 1H), 5.28-5.27(m, 1H) 4.91(br s, 1H), 3.58(t, J = 6.4Hz, 2H), 2.42(s, 3H) ,

1.52(dd, J =7.6, 14.8Hz, 2H), 1.32-1.28(m, 2H), 0.84-0.80(m, 3H) ppm.

"1 1i: IH NMR (CDCls, 400MHz): & = 7.76(d, J = 8.4Hz, 2H),7.29(d, J = 8.4Hz,
2H),5.56-5.48(m, 1H), 5.32-5.27(m, 1H), 5.02(br s, 1H), 3.50(d, J = 6.0Hz, 2H),2.41(s, 3H)
1.90-1.85(m, 2H), 1.29-1.24(m, 2H), 0.83-0.79(m, 3H) ppm.

H
N\
= Ts

[ 1j: *H NMR (CDCls, 400MHz): & = 7.77(d, J = 8.4Hz, 2H), 7.30( d, J = 8.0Hz,
2H),5.49-5.42(m, 1H), 5.29-5.23(m, 1H), 4.94(br s, 1H), 3.58(t, J = 6.4Hz, 2H), 2.42(s,

3H),1.92-1.87(m, 2H), 1.27-1.21(m, 8H), 0.82(t, J = 6.4Hz, 3H) ppm.

"1 1k: 'H NMR (CDCls, 400MHz): § = 7.76(d, J = 8.4Hz, 2H), 7.31(d, J = 8.0Hz,
2H),5.58-5.50(m, 1H), 5.33-4.70(m, 1H), 4.70(br s, 1H), 3.52(t, J = 6.4Hz, 2H), 2.43(s,
3H),1.92-1.89(m, 2H), 1.28-1.23(m, 8H), 0.87(t, J = 6.8Hz, 3H) ppm.

(VH\Mbs
8 11: 'H NMR (CDCls, 400MHz): & = (d, J = 8.8Hz, 2H), 7.98( d, J = 8.4Hz,

2H),5.50-5.43(m, 1H), 5.29-5.20(m, 1H), 4.81(br s, 1H), 3.87(s, 3H), 3.57(t, J

6.4Hz,
2H) ,1.98-1.90(m, 2H), 0.90(t, J = 7.6Hz, 3H) ppm.

"> " 1m: 'H NMR (CDCl3, 400MHz): & = 7.80(d, J = 8.8Hz, 2H), 6.99( d, J = 8.4Hz,
2H),5.62-5.56(m, 1H), 5.33-5.26(m, 1H), 4.58(br s, 1H), 3.87(s, 3H), 3.51(t, J = 5.6Hz,

2H) ,1.97-1.93(m, 2H), 0.90(t, J = 7.6Hz, 3H) ppm.



L 1n: 'H NMR (CDCls, 400MHz): § = 7.82(d, J = 8.4Hz, 2H), 6.98( d, J = 8.4Hz,
2H),5.50-5.44(m, 1H), 5.31-5.25(m, 1H), 4.79(br s, 1H), 3.87(s, 3H), 3.57(t, J = 6.4Hz,

2H) ,1.92-1.87(m, 2H), 1.32-1.25(m, 2H), 0.84-0.80(m, 3H) ppm.

"I wes 10: 'H NMR (CDCls, 400MHz): & = 7.81(d, J = 8.8Hz, 2H), 7.98(d, J = 8.8Hz,
2H),5.59-5.51(m, 1H), 5.36-5.26(m, 1H), 4.59(br s, 1H), 3.88(s, 3H), 3.52(d, J = 5.2Hz,

2H) ,1.92-1.91(m, 2H), 1.34-1.28(m, 2H), 0.87-0.82(m, 3H) ppm.

H
N
= Mbs

[ 1p: *H NMR (CDCls, 400MHz): & = 7.83(d, J = 8.8Hz, 2H), 7.31( d, J = 8.0Hz,
2H),5.52-5.45(m, 1H), 5.30-5.24(m, 1H), 4.63(br s, 1H), 3.88(s, 3H) ,3.58(t, J = 5.6Hz,

2H),1.94-1.89(m, 2H), 1.28-1.27 (m, 8H) , 0.89-0.85(m, 3H) ppm.

"I wes 19: 'H NMR (CDCls, 400MHz): § = 7.81(d, J = 9.2Hz, 2H), 6.98( d, J = 9.2Hz,
2H),5.61-5.51(m, 1H), 5.33-5.24(m, 1H), 4.66(br s, 1H), 3.87(s, 3H) ,3.51(t, J = 6.0Hz,

2H),1.93-1.91(m, 2H), 1.28-1.23 (m, 8H) , 0.89-0.85(m, 3H) ppm.

%N\Ts 1r: *H NMR (CDClIs, 400MHz): 6 = 7.77(d, J = 8.4Hz, 2H), 7.32(d, J = 8.0Hz, 2H),
4.86(d, J = 14.8Hz, 2H), 4.67(br s, 1H), 3.45(d, J = 3.6Hz, 2H), 2.45(s, 3H), 1.69(s, 3H) ppm.

)VN\Mbs 1s: *H NMR (CDCls, 400MHz): § = 7.82-7.79 (m, 2H) , 6.99-6.95(m, 2H), 4.85-
4.79(m, 2H), 3.87(s, 3H), 3.46(s, 2H), 1.67(d, J = 7.2 Hz, 3H) ppm.

_Ts

“>7W 1t 'H NMR (CDCls, 400MHz): & = 7.75(d, J = 8.4 Hz, 2H) 7.31(d, J = 8.4 Hz,
2H), 5.67-5.57(m, 1H), 5.07-5.00(m, 2H), 4.64(br s, 1H), 3.01(d, J = 6.4Hz, 2H), 2.45(s, 3H),

2.20(d, J = 6.8 Hz, 2H) ppm.

NN/MDS

N 1u:'H NMR (CDCls, 400MHz): & = 7.81(d, J = 8.6 Hz, 2H), 7.99(d, J = 7.6 Hz,
2H), 5.87-5.58(m, 1H), 5.08-5.01(m, 2H), 4.66(br s, 1H), 3.88(s, 3H), 3.03-2.99(m, 2H),

2.21(d, J = 6.8Hz, 2H) ppm.

10



Characterization Data for Products:

O H

Mt 3a(R): *H NMR (CDCls, 400MHz): § = 7.74 (d, J = 8.4 Hz, 2H), 7.31 (d, J = 8 Hz,
2H), 4.85 (br s, 1H), , 3.35-3.30 (m, 1H), 3.05-3.01 (m, 2H), 2.76-2.74 (m, 1H), 2.64-2.62 (m,

1H), 2.43 (s, 3H) ppm; [a]2° +13.1 (c 0.25, CHClIs).

o H

s 3b: 1H NMR (CDCls, 400MHz): & = 7.80 (d, J = 9.2Hz, 2H), 6.98 ( d, J = 8.8Hz,
2H), 4.95-4.72 (m, 1H), 3.87 (s, 3H), 3.35-3.29 (m, 1H), 3.07-2.99 (m, 2H) , 2.76 (t, J = 4.4Hz,

1H), 2.64-2.63 (m, 1H) ppm; [«]2° +9.3 (c 0.25, CHCI5).

O 3c: 'H NMR (CDCls, 400MHz): § = 7.48 (d, J = 6 Hz, 1H), 7.32 (d, J =
2.4 Hz, 1H), 6.94 (d, J = 8.4 Hz, 1H), 4.82 (t, = 6.4 Hz, 1H), 3.95 (s, 3H), 3.93 (s, 3H), 3.38-
3.32 (m, 1H), 3.09-3.06 (m, 1H), 3.05-2.99 (m, 1H), 2.78-2.76 (m, 1H), 2.66-2.64 (m, 1H)

ppm; [a]3® +11.3 (c 0.25, CHCIy).

(0] H
N

~

R 3d: *H NMR (CDCls, 400MHz): § = 7.76 (d, J = 8 Hz, 2H), 7.31 (d, J = 8 Hz,
2H), 5.24 (br s, 1H), 3.27-3.23 (m, 1H), 3.00-2.95 (m, 1H), 2.88-2.85 (m, 1H), 2.42 (s, 3H),

1.26 (s, 3H), 1.21 (s, 3H) ppm; [a]2° +26.5 (c 0.50, CHCl).

oy &
Y 3e: 'H NMR (CDCls, 400MHz): & = 7.82 (d, J = 9.2 Hz, 2H), 6.99 (d, J = 8.8 Hz,
2H), 5.25 (br s, 1H), 3.87 (s, 3H), 3.25-3.21 (m, 1H), 3.01-2.96 (m, 1H), 2.88-2.85 (m, 1H),

1.27 (s, 3H), 1.22 (s, 3H) ppm; [a]2® +24.3 (c 0.50, CHCls).

H
N
PV Ts

£ 3f: 'H NMR (CDCls, 400MHz): § = 7.77 (d, J = 8 Hz, 2H), 7.31 (d, J = 8 Hz, 2H),
5.35-5.32 (M, 1H), 3.31-3.24 (m, 1H), 3.05-3.02 (M, 1H), 2.98-2.89 (M, 2H), 2.42 (s, 3H),1.49-

1.42 (m, 2H), 0.99 (t, J = 7.6 Hz, 3H) ppm; [a]® +15.2 (¢ 0.25, CHCIs).
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o

"L Moy 3g: 1H NMR (CDCls, 400MH2): § = 7.74 (d, J = 8 Hz, 2H), 7.31 (d, J = 8 Hz,
2H), 5.15 (br s, 1H), 3.29-3.23 (m, 1H), 3.05-2.98 (m, 1H), 2.86-2.84 (m, 1H), 2.81-2.79 (m,
1H), 2.42 (s, 3H),1.56-1.50 (m, 2H), 0.95-0.91 (M, 3H) ppm; [a]2° +16.3 (c 0.25, CHCls).

o H

PV 3h: *H NMR (CDCls, 400MHz): 8 = 7.74 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8 Hz,
2H), 5.13 (br s, 1H), 3.33-3.27 (m, 1H), 3.05-2.99 (m, 1H), 2.98-2.93 (m, 2H), 2.44 (s, 3H),
1.49-1.39 (m, 4H), 0.95-0.92 (m, 3H) ppm; [«]3° +11.4 (c 1.0, CHCly).

o

" LMNorg 3 1H NMR (CDCls, 400MHz): § = 7.75 (d, J = 7.6 Hz, 2H), 7.32 (d, J = 3.6
Hz, 2H), 5.07 (br s, 1H), 3.28-3.25 (m, 1H), 3.05-3.01 (m, 1H), 2.83 (s, 2H), 2.43 (s, 3H),
1.46-1.39 (m, 4H), 0.94-0.91 (m, 3H) ppm; []2° +10.6 (c 0.50, CHClIs).

o] H
N

Ts

3j: 'H NMR (CDCls, 400MHz): § =7.77 (d, J = 8.4 Hz, 2H), 7.32 (d, J = 8 Hz, 2H),
5.17 (br s, 1H), 3.31-3.26 (m, 1H), 3.04-3.01 (m, 1H), 2.98-2.93 (m, 2H), 2.43 (m, 3H), 1.45-

1.26 (m, 4H), 1.30-1.26 (m, 6H), 0.90-0.86 (M, 3H) ppm; [«]2° +13.9 (c 1.0, CHCI5).

H

O
el MNrs 3k: 1H NMR (CDCls, 400MHz): & = 7.73 (d, J = 8.4 Hz, 2H), 7.30 (d, J = 8
Hz, 2H), 5.40 (br s, 1H), 3.27-3.23 (m, 1H), 3.00-2.97 (m, 1H), 2.82-2.79 (m, 2H), 3.00 (m,

3H), 1.34-1.23 (m, 10H), 0.89-0.83 (M, 3H) ppm; [«]2° +9.7 (c 0.5, CHCls).

2 31: 'H NMR (CDCls, 400MHz): & = 7.86 (d, J = 8.8 Hz, 2H), 6.99 (d, J = 8.8 Hz,
2H), 5.17 (br s, 1H), 3.87 (s, 3H), 3.30-3.25 (m, 1H), 3.06-3.02 (m, 1H), 2.94-2.90 (m, 2H),

1.49-1.45 (m, 2H), 1.02-0.99 (m, 3H) ppm; []2° +10.5 (c 0.25, CHClI5).

o H

*LMues 3m: IH NMR (CDCls, 400MHz): 5 = 7.80 (d, J = 8.8 Hz, 2H), 6.98 (d, J = 8.8
Hz, 2H), 5.04 (br s, 1H), 3.87 (s, 3H), 3.27 (d, J = 14 Hz, 1H), 3.02 (d, J = 14 Hz, 1H), 2.84-

2.81 (M, 2H), 1.57-1.52 (m, 2H), 0.97-0.93 (m, 3H) ppm; [a]2° +12.3 (c 0.25, CHCI5).
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o H

Pv 3n: *H NMR (CDCls, 400MHz): & = 7.82 (d, J = 8.8 Hz, 2H), 6.98 (d, J = 8.4 Hz,
2H), 4.71 (br s, 1H), 3.87 (s, 3H), 3.31-3.27 (m, 1H), 3.06-3.02 (m, 1H), 2.96-2.93 (m, 2H),
1.48-1.40 (m, 4H), 0.95-0.92 (m, 3H) ppm; []2° +13.7 (c 0.5, CHCI5).

o H

LM 30: 'H NMR (CDCls, 400MHz2): & = 7.79 (d, J = 8.8 Hz, 2H), 6.82 (d, J = 8.8
Hz, 2H), 5.01 (br s, 1H), 3.86 (s, 3H), 3.27 (d, J = 13.6 Hz, 1H), 3.06-2.95 (m, 1H), 2.84-2.93
(m, 2H), 1.49-1.39 (m, 4H), 0.92 (t, J = 7.2 Hz, 3H) ppm; [a]2° +10.9 (c 0.25, CHCls).

(e) H
N
Mbs

3p: *H NMR (CDCls, 400MHz): & = 7.82 (d, J = 8.8 Hz, 2H), 6.99 (d, J = 8.8 Hz,
2H), 5.13 (br s, 1H), 3.87 (s, 3H), 3.31-2.3.25 (m, 1H), 3.04-2.98 (m, 1H), 2.97-2.92 (m, 2H),

1.44-1.40 (m, 4H), 1.30-1.26 (m, 6H), 0.90-0.86 (M, 3H) ppm; [a]2® +15.7 (c 0.4, CHCl).

H

O
el Mws 3g: tH NMR (CDCls, 400MHz): 8 = 7.79 (d, J = 8.4 Hz, 2H), 6.98 (d, J = 8.8
Hz, 2H), 5.05 (t, J = 6 Hz, 1H), 3.87 (s, 3H), 3.03-2.97 (m, 1H), 2.83-2.79 (m, 1H), 2.78-2.76

(m, 2H), 1.50-1.47 (m, 2H), 1.39-1.34 (m, 2H), 1.31-1.26 (m, 6H), 0.89-0.86 (m, 3H) ppm;
[@]2° +12.2 (c 0.75, CHCI5).

“1: 3r: 'H NMR (CDCls, 400MHz): & = 7.73 (d, J = 8.4Hz, 2H), 7.31 ( d, J = 8.0Hz,
2H), 5.01 (t, J = 6.4Hz, 1H), 3.12-3.10 (m, 2H), 2.83(d, J = 4.4Hz, 1H), 2.81 (d, J = 4.4Hz,
1H) ,2.42 (s, 3H),1.33 (s, 3H) ppm; [a]2° +17.1 (c 0.25, CHCl).

“wes 3s: 'H NMR (CDCls, 400MHz): § = 7.73 (d, J = 8.8Hz, 2H), 6.95 ( d, J = 8.8Hz,
2H), 5.01 (br s, 1H), 3.84 (s, 3H), 3.07 (d, J = 6.4Hz, 2H), 2.80 (d, J = 4.4Hz, 1H) ,2.58 (d, J

= 4.0Hz, 1H),1.30 (s, 3H) ppm: [«]2° +8.2 (c 0.5, CHCls).

O
T
N

" 3t: 'H NMR (CDCls, 400MHz2): & = 7.76 (d, J = 8.0Hz, 2H), 7.32 (d, J = 8.0Hz,
2H), 5.19 (t, J = 6Hz, 1H), 3.09 (g, J = 6.4Hz, 2H), 2.96-2.92 (m, 1H), 2.74 (t, J = 4.4Hz,

1H) ,2.48-2.46 (m, 1H),2.43 (s, 3H), 1.96-1.88 (M, 1H), 1.59-1.52 (m, 1H) ppm; [a]2° +13.5
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(c 0.25, CHCly).

NN/MbS
H 3u: 1HNMR (CDCI3, 400MHz): 6=7.81(d, J=8.8Hz, 2H), 7.99 (d, J = 8.8Hz,

2H), 5.10 (br s, 1H), 3.87 (s, 3H), 3.10-3.07 (m, 2H), 2.94-2.93 (m, 1H) ,2.75-2.72 (m,
1H),2.49-2.46 (m, 1H), 1.94-1.90 (m, 1H), 1.58-1.53 (m, 1H) ppm; [a]3’ +12.9 (c 0.5,
CHCly).
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10.Copies of HPLC Analysis

o H

IS 3a: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 28.6 min;

DADT C, Sig=226.5.4 Ref=360,100 (% W7 /3 IETSTE I 1L1E\2015-12-0910-43-07334.0)
mALl
600
500
400 - e
300 2 o 5"5
200 & 5
1004
o AN AN
3 I T I I T 1 - I
5 10 15 20 25 30 35 i

{%% 3: papl C, Sig=226.5,4 Ref=360,100

W PEEE TR 22 W 7T AL WA 5y W T A
¥ [min] [min] [mAll*s] [mall] %
———————————————————————————————— I——————————|————————|
1 28,233 BB 0.9163 1.48237e4  242,.80467 50.2316
2 35,167 BB 1.1023 1.46870e4 197.79970 49,7684
SN T 2.9510624  440.60437
DAD1 C, SIg=226.5.4 Rel=360,100 (% i /3 JETSIE 0L JE\2016-01-0217-30-46421 D)
mALl
100 &
80 2
o~
&0
40 @
[}
20 =3
w
4] Lo
1 I 1 1 1 I - 1
10 15 20 25 30 35 40 mis

{6% 3: papl C, $ig=226.5,4 Ref=360,100

L P R T =T C R U [y A1 I TR
# [min] [min] [mal*s] [m&ll] %
———————————————————————————————— | ———_—_ e —— |———————— |
1 Z8.634 BB 1.0888 5249.219%24 BE.ZB967 85,6114
2 36,039 MM 1.0577 240.93842 3.796044 q,3886

Gl s 5490.15765 T2.0BA10D

(o]
T

Mo 3b: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 46.1 min;

DAD1 D, Sig=230.8,4 Ref=360,100 (W faf 4 TETSIE L TE\2016-01-0517-36-21431.0)
mAU §
(=1
300
200
100
o T
— 1 T T 1 T 1 — T T T T 1 T T T 1
10 20 30 40 50 60 mir}
{55 4: DAD1 D, Sig=230.6,4 Ref=360,100
0 L] 2EEd b i Ty FH e 7 U T
# [min] [min] [mau*s] [mal] %
________________________________ |=——m e [ = |
1 46.064 EE 1.5786 4.70135e24 403.11078 49.B535
2 60.065 BBA 1.9537 4.728097e4 314.24783 50,1465
JUN 9,43032e4  T17.35861
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DAD1 D, Sig=230.8,4 Ref=360,100 (S Hf &% N =TS 5 E\2015-12-2517-58-55412.D)
mAU 2
120
100
80
60 S
40 5
— 1:9 — 2]0‘ — _ V3I£]n S "“4‘0 5‘0 6‘0 m
{5 4: DAD1 D, Sig=230.8,4 Ref=360,100
W A ) A5l U i A1 [ LTI
¥ [min] [min] [mAaU*s] [man] %
———————————————————————————————— | ====mmmm—m | == — === |
46.189 BB 1.5343 1.14098ed4  104.62241 97,2497
2 61.405 MM 1.8681 958,59442 §.55253  7.7503
B 1.23684e4  113.17493
o H
\>\/N\S//O
Il
e}
o
0

3c: HPLC: Chiralcel AD column, Hx/i-PrOH 90:10, 1.0 mL/min. tminor:
44.4 min; tmajor: 47.4 min. (91% ee)

DADT F, Sig=210,4 Ref=360,100 (F ik 1 5T SHEH 71.11\2016-01-0618-22-40438.D)
mAU = @
400 g
300
200
100
0 L
— 7 T ] T
SN [ L. N 50 60 mi
{5 6: DADL F, Sig=210,4 Ref=360,100
W LRI 8 IR TS I g e T R
iid [min] [min] [mAU*s] [mAU] %

———m | | === | === | ===mm o | ===mm - | ====m—- |
1 44.611 BV  1.2158 4.3000le4  433.30856 48.7538
2 47.673 VB 1.2404 4.51983e4  498.19653 51.2462

i

8.81984e4 931.50510

DADT F, Sig=210,4 Ref=360,100 (3% i M 1L T S F 41 1£\2016-01-1721-08-33496.D)

47.482

{59 6: DADL F, Sig=210,4 Ref=360,100

W fREF A A b TE ESTIESS U ) g T AR
+ [min] [min] [mAU*s] [mAU] %
e I | === [ == | === | === |

1 44,495 MM 1.1198 296.13376 4.40749 4.7150
2 47.482 BB 1.0352 5984.5224¢6 71.30537 95.2850
Mo 6280.65622 75.7128¢6
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o H
N

Pty

) 3d: HPLC: Chiralcel AD column, Hx/i-PrOH 90:10, 1.0 mL/min. tminor: 28.1 min;

DAD1 C, Sig=226.5 .4 Ref=360,100 (% [# /5 LTS FA11E2016-01-0617-32-32437 D)

mALl ] %

1500 3

1000 —

500 —

% PO | S L\ . |
5 10 15 20 25 30 35 40 45 mirl
{§% 3: papl ¢, Sig=226.5,4 Ref=360,100
W R A SRR 0 W iy WEE [T
¥ [min] [min] [mal*s] [m&ll] %

———————————————————————————————— | ———————————

1 27.286 VB 0.7491 1.01621e5 1946.59961 45,9053

Z 35.899 BE 1.0108 1.02007e5 14097.26746 50.0947
FENTT 2.0362Ba5 3443.8B6707

DADT C, Sig=226.54 Ref=360,100 (2 i 4 e TS5 1L 1Lw2016-01-17 22-26-48487.0)

mAl ]

4ooé

200

0] F g
_200-: T T T T T = — T I T
5 10 15 20 25 30 35 40 mir|

f5'S 3: papl ©, Sig=226.5,4 Ref=360,100

I BT SRR dE (=g I iy U g
# [min] [min] [mald*s] [mAlT] %
———————————————————————————————— | —————————— | m———————]
1 28,120 BB 0.6271 913,.81750  21.19308  1,6259
2 37.294 BB 0.9904 5.52802=4  B52.84375 98,3741

5.62041e4 B74.036E3

3e: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 24.8 min;

DADT D, Sig=230.8 4 Ref=360,100 (7 i N FE TSI 4 51 1E12016-01-2212-31-25518.D)
mAU 3 &
N
A
5 10 15 20 25 30 n‘\j
{§% 4: DAD1 D, Sig=230.8,4 Ref=360,100
U R BT 2EM S IESTOE ! U 1y e T A4
# [min] [min] [mAU*s] [mAU] 3
=== | === === [ | === [———————= |
1 24.414 BV 1.0418 1.52009=5 1915.53308 49.2374
2 29.204 VB 1.2779 1.56718e5 1623.97070 50.7626

A 3.08726e5 3539.50378
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DADT D, Sig=230.8,4 Ref=360,100 {3 hi 15 ETSTE L I02016-01-2213-08-19519,0)
mAl -
600
400 4
200 4 2
] N
B (=]
04 2]
- T _—— —_ — .
5 10 15 20 25 30 mir]

{5 4: DAD1 D, Sig=230.8,4 Ref=360,100

5 2 1 T - A o U T U U T
¥ [min] [min] [mal*s] [matr] %
-------------------------------- |======m e | === m |

1 24,892 BB 1.0903 6.30524ed4  B49.46735 9B.3614
Z 30.250 BB 0.BBE40 1065.37988  14.3B575  1.63B6
FEE 6.50178e4 BR3I.B53009
o) H
N

Et 3f: HPLC: Chiralcel OD column, Hx/i-PrOH 97:3, 1.0 mL/min. tmajor: 47.3 min;

DAD1 C, Sig=226.5.4 Ref=360,100 (5 ik A FE TSI 4 1£\2016-02-0716-12-27590.D)

mAU
800 -
B <
600 b 3
= ©
400

200

;

10 20 30 40 50 60 70 'm
155 3: DADL C, Sig=226.5,4 Ref=360,100
[ = < U |1 R g 1 U U T A
# [min] [min] [mAU*s) [mAlU] %
R EEEEELL | === | ==mmmm | ==mmmm - | ===mmmm - [======== |
1 49.320 BV 2.0613 9.13828e4  520.75952 48.6376
2 56.244 VB 2.5235 9.65025e4  447.20691 51.3624
M 1.87885e5 967.96643
DAD1 C, Slg=226.5.4 Ref=360,100 (SR /LTSI E2016-02-0717-45-39581.0)
mAlL &
600
500
400
300 -
200 &
100 3
0 — v
I I L I I I )
s ___1_0__ ____.__.20. e .30.__.___ — .‘iD____. 50 B0 il m

5% 3: papl C, Sig=226.5,4 Ref=360,100

W R IR A e U i 4 [ 3En W i A
# [min] [min] [mAU*s=] [mall] %
________________________________ R P ———
1 47.367 BB 2.0037 1.11055e5 T3T.11688 85,7546

BE 1.5314 4%923.79443 38.77654 q.2454

IG5 1.15979%9e5  775.89342

(o]
I

*~L~M-r. 3g: HPLC: Chiralcel OD column, Hx/i-PrOH 97:3, 1.0 mL/min. tmajor: 44.4 min;

tminor: 49.4 min. (63% ee)
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DADTC, Sig
mAU 3

1250 3
1000 3
750 3
500 3
250 %

o o

=226.5.4 Ref=360, 100 (E A5 LTSI LIEN2016-02-1016-42-44593.0)

535

10 20 a0 40 50

{5 3: papl

C, Sig=226.5,4 Ref=360,100

U IR AR U i U U T A
¥ [min] (min] [mAU*s] [mAl] %
——————————————— Rl B el |
1 42.464 BV 1.6380 2.10976e5 1627.92798 48.0414
2 46,535 VBEA 2.0742 2.28179=5 1292.12545% 51,9586

mht 4_.39155e5 2920.05347
DAD1 C, Sig=226.5.4 Ref=360,100 (3§ /4 TSI 1E\2016-02-1017-40-58524.00)

mAl
200
150
100
50
0

I I 1 |

10 20 30 40

{55 3: papl €, Sig=226.5,4 Ref=360,100

W B el LETHEE U 5y e THE
ks [min] [min] [mAU*s] [mAl] %
——————————————— e D e et

1 44.405 BB 1.5600 1.58910e4 277.68640 B1.1674
2 49.469 BBA 1.42588 3710.25439 67.51863 1B.B83Zs
o 1.97013e4 345,20503
o] H
N\
PV Te
n-Pr

DADT C, Slg=226.5.4 Ref=360,100 (F R4 IETSTE - TLE\2016-02-0421-53-00677.0)

3h: HPLC: Chiralcel OD column, Hx/i-PrOH 92:8, 1.0 mL/min. tmajor

mAL a8
800 ]
600
400
200
1] T
L) I I 1
10 20 a0 40 miry
{% 3: papl €, 5ig=226.5,4 Ref=360,100
W PR N R bR WP [ L& h LETInE
¥ [min] [min] [MAU*s] [mAaU] ES
——————————————— el Dl bl
1 19.710 BV 0.7824 4.83101e4 911.41848 49.6038
2 22229 VB 0.9546 4.90818e4 THE.BROOE HO.3962
Jab Ak 9.73919%24 1&T0.27ES0
DAD1 C, Sig=226.5 4 Ref=360,100 {2 fff 4 IETSEE 1 {E\2016-02-0422-44-56578.D)
mAL ]
soo-f
600
4009 P
3 =
200 PJL g%
04 L +

en—

10 15 20

25

miiry

:19.6 min;

44



{&% 3: DADL C, Sig=226.5,4 Ref=360,100

1[5 e i Lo o I & o U T FH U sy U ]

¥ [min] [min] [mau=s] [mal]
________________________________ '__________|

1 19,642 BB 0.8B115 6.1659T7EBed 1098, 06287

2 23,053 MM 0.8280 2771.73071  55,78BB75
B 6.446085e4 1153.85162

(@] H

N

R 3i: HPLC: Chiralcel OD column, Hx/i-PrOH 95:5, 1.0 mL/min. tmajor: 37.0 min;

DADT G, Sig=230,4 Ref=360,100 (¥ ¥ 4 1L T SIE b 51,1£\2016-01-2517-42-24536.D)
mAU 3
E &
« <+
3 ©
k]
T T T T T I‘ T T
10 20 30 40 50 60 70 min|
{5%5 7: DADl G, Sig=230,4 Ref=360,100
U fRE ISR A IS g ThRI AR U 1y LA
# [min] [min] [mAU*s] [mAT] %
ninininl Rttt [==== === [ === [ === [ === \
1 44.381 BV 1.6744 €.12132e4 433.76071 48,9929
2 48.314 VB 2.1934 6.37297ed 340.22607 51.0071
Ao 1.24943e5 773.98679
DADT D, Sig=230.8,4 Ref=360,100 (FI R M TETSHE I TLIE2016-02-0517-25-57585.0)
mAl
200
150
100
50
0
. ——— — — . .
10 20 30

fH%F 4: DAD1 D, Sig=230.8,4 Ref=360,100

U PR EE ] 25 0 e g Ui iy U iy

¥ [min] [min] [maO*s] [mal] %
—————————————————————————————————————————— | ========]

1 37.0098 BB 1.2881 1.41659%94 156.48516 591.8910

2 40.641 BB 1.0365 1233.32068 14.43939 §.0090
B 1.53992e4  170.93455
O H

N_
Ts

-hex 3): HPLC: Chiralcel AD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 17.0 min;
tminor: 19.7 min. (95% ee)

DADT D, Sig=230.8.4 Ref=360,100 (7 Fif (5 TETSE R TE\2016-02-1115-57-19600.0)

maL ]

— T
10 15

en—|

wy
1500
1000
500
0-:4,..;'\\ +
— —— —
20 25

8_
{#]
o
El
=
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fir 4

i {3
&

B =

DAD1 D, Sig=230.8,4 Ref=360,100

(el E TR CE e R U U TS
[min] [min] [mAaU*=] [mAal] %
------ | === === = = | m |
17.019% BB 0.5500 B.250B0ed 2013.99B78 49,4555
18.265 BB 0.6699 B 4324724 1944 ,62024 50.5445

1.66833e5 3958.61902

DADT D, Sig=230.8.4 Ref=360, 100 (3 R 4 1 TSI H- L IE2016-02-1117-11-47602.0)
mal g
1500-5
mon—f
500—3 §
E =
04 - L
___ _._g_. — _ .1,5_:_. ._. gc_._. e
fii+F 4: DAD1 D, Sig=230.8,4 Ref=360,100
g PREINF ] R IEE W i e 7 e i
# [min] [min] [mAU=s] [malT] £
----------- |====|======= | m==mmmmm == | mmmmmmm o= | == mmm e |
1 17.023 BB 0.5593 9,27727Ted 2141.B8BT7TBY%1 97.6343
2 19.706 BV 0.4996 2247.91187 68.71729  2.3657
FEN 9.50206ed 2210.59620

MinN; tmajor: 20.0 Min. (31% ee)

DAD1 D, Sig=230.8,4 Rel=360, 100 {5 R 14 E TS 7L I2016-02-1115-20-22508.0)

~1s 3k: HPLC: Chiralcel AD column, Hx/i-PrOH 90:10,

m.ﬂU_:
1500—2
1000—2
5oo—f
0 I —
III'ZES.III&")““?!S"“i‘OI'. 12‘.5‘ 1|5 1?".5 2’0 22‘.5 Im;g
{5 4: DAD1 D, Sig=230.8,4 Ref=360,100
G T ] S SR Ui T i ey U i L
# [min] [min] [malu*s] [mal] %
----------- | ====|==mmmm= | mmmmmmmmm e | mmmmmmm—e | mm e |
1 17.25% VB 0.5333 9.72655ed  Z217T6R.B9307 47.8003
2 19.534 BB 0.6694 1.07034e5 2104.22632 52.3907
S 2.04299e5 4Z81.11938
DAD1 D, Sig=230.8,4 Ref=360,100 (3% 111/ 14 5 1 SIF: 71 7. 1£\2016-02-1116-36-11601.0)
mAU )
300 8
2
200 “
100
0
=100
5 10 0 m
{55 4: DAD1 D, Sig=230.8,4 Ref=360,100
W R ) 2SR e U LT U 7 U T A
# [min] [min]) [mal*s] [mal] %
----------- | === ======= | ==== === | == m—mm——— | == —————— |
1 17.553 BV 0.5931 1.22922ed4  323.66684 34,5931
2 20.036 VB 0.6747 2.32414e4d E03.37552 65.40609
A B 3.55336ed4  B27.04236
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o

H
N_
k>x\v/ Mbs

Et 3l: HPLC: Chiralcel OD column, Hx/i-PrOH 92:8, 1.0 mL/min. tmajor: 38.7 min;

DAD1 D, Sig=230.8,4 Ref=360,100 (3 {li# P i TSIE T {£12016-02-0513-43-35582.D)

1000
800
600
400
200

(=]
7 37.159
7 47.783

T T T T
10 20 30 40 50 60 _min|

5% 4: DADl D, Sig=230.8,4 Ref=360,100

UE fREFIE] ZEM IR E IESIEE Ui e [
# [min] [min] [mAU*s] [mal] %

S L | == | ————mm | ——————- |
1 37.15% BV 1.7060 5.49178e4 420.42410 51.4306
2 47.783 VB 1.9793 5.18626e4 344.71631 48.5694

J ST 1.06780e5 765.14041

DADT D, Sig=230.8,4 Ref=360,100 (7 fif (4 E TSl L fE2016-02-0512-48-45581.00)
mal 3

50

400 ~
3003
200 —
1004

! J’\._

48,859

T
10 20 30 40 50 min|

fii*s 4: DAD1 D, Sig=230.8,4 Ref=360,100

([ I L < L R e e ] A U Ui ]
¥ [min] [min] [malU*s] [m&al] %
e B e e B e e P e e | ===————— |
1 38.750 BE 1.5340 5.6897924  489,.54938 96.4908
2 4B.E50 BB 1.3644 2069.40405  1B.50912  3.50094
S 5.89674e4  508.05850

(o]
I

“ws 3m: HPLC: Chiralcel OD column, Hx/i-PrOH 92:8, 1.0 mL/min. tmajor: 38.5 min;

DAD1 D, Sig=230.8,4 Ref=360,100 (¥ fii % /7 JE TSI 17 {£\2016-02-0523-38-30588.D)
mAU
1200
1000
800
600
400
200

o
? 35.965
742.535

min}

{55 4: DAD1 D, Sig=230.8,4 Ref=360,100

I fREARS T K 0 E i [ 751 i 7 i 11 51
# [min] [min] [mAU*s] [mAT] %
=== |- |- [ === i \
1 35.965 BB 1.4483 5.00309%e4 448.89526 49.9440
2 42.635 BB 1.6532 5.01431e4 364.90359 50.0560

ot
L1

A 1.00174e5 813.79886
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DADT D, Sig=230.8,4 Ref=360,100 {5 i 4 =TS i L 102016-02-0610-21-39588.0)
mall 3 —
] B
200 o oo
3 o
150 4
E w0
100 3
E i
" A
0 ] L -
T T T T T T T T
10 20 30 40 50

{ffi*9 4: DAD1 D, Sig=230.8,4 Ref=360,100

U R fa] 2EAd (TR U 7y U T
# [min] [min] [mAaU*s] [mal] %
------------------------------- |======———= | ===

1 38,581 BV 1.3433 1.49183e4 162.16631 7J7.8B31:2
Z 45,385 BB 1.2827 4249,159189 39.32385 ZZ.16E8B
PN 1.51675e4 201.49016
(e] H
N

n-Pr 3n: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min

DADT O, Sig=230.8,4 Rel=360,100 (W R 14 TSI 1 ILe016-02-0417-51-16573.0)
mal ]
15003 '
1000-f
sooé
0 ] —T — 7T — T T
5 10 15 20 25 min|
{5 4: DADL D, Sig=230.8,4 Ref=360,100
LG e E< ] B L1 I <L SR 64 ETTEES! [Ea=i [EATEE
# [min] [min] [mAU*s] [mAlT] %
------------------------------- el |
1 25.728 VB 1.1625 1.,73947eb  1950,37793 40,5005
2 31.78Z2 VBA 1.4140 1.76756e5 1634.04419 50.4005
o 3.50703=5 3584.42212
DAD1 D, Sig=230.8.4 Ref=360,100 (5cHiF: P4 1 TSI 7 1\2016-02-0512-02-22580.D)
mAU
500
400 <
300
2003 2
100 g
04 :
- ___‘ . 16 . 7“71'5’”___‘_ _ __EIO__ _ 2 30 35 i)
fe 4: DADl D, S5ig=230.8,4 Ref=360,100
W PRET ] SEM e LEJTNE] UEE U T
# [min] [min] [mal*s] [mAll] %

———————————————————————————————— |========== | ===o=u=c]
1 26.910 BB 1.1355 4,34891ed  564.03070 97.5543
2 34.429 BB 0.9332 1090.25793  14.87366  2.4457

Mo 4,45794e4 57E.90436

. tmajor: 26.9 min,

) H
P L Ms 30: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmgjor: 29.1

MIN; tminor: 32.9 Min. (61% ee)
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DAD1 D, Sig=230.8,4 Ref=360,100 (¢ fji i (4 5= TSI 11 71.1£12016-02-0516-03-42583.D)
mAU @
1000 3
800
600
400
200 l
04 .
-+ 7 ¢ [T 1+ &+ [—7@T— T+ ° [+ T T T [ —§ T T T [ * T [T T T T [ T T
5 ] 0 15 20 25 30 35 40 min
ffi%5 4: DADL D, Sig=230.8,4 Ref=360,100
15 1B S R & ETE2! U U 1]
# [min] [min] [mal*s] [mall] %

----------- | ==== | ======= | === mmmmmmm | == mmmm e | m e |
1 28,335 VW 1.1968 9.95446ed 1162.77612 51.4033

2 31.3BEB WV 1.3728 59.41094a4 931 .38B6TE 4EB,5867
FLS 1.93654e5 2004.16290
DAD1 D, Sig=230.8,4 Ref=360,100 (“J'EHHﬁ MIET S % 1\2016-02-0516-48-38584.D)
mAU
300
200
100
0 T
T T T T T T T
5 ot 15 20 25 30 min]

fii's 4: DADL D, Sig=230.8,4 Ref=360,100

U LRI 2R e [EATTE s U i

# [min] [min] [mal*s] [m&al] %
----------- |====|====m==|==mmemmeee | mmmm—mmmee | m——————

1 29,148 vV 1.2082 3.5066%9e4 417,.39087 BO.3051

2 32,917 VB 1.2603 BeQ0,19824 97,384607 19,6949
BN 4,36671led  514.77554
(@] H

N\Mbs

n-hex 3p: HPLC: Chiralcel OD column, Hx/i-PrOH 92:8, 1.0 mL/min. tmajor: 30.0 min;

DADT D, Sig=230.8.4 Ref=360,100 (30 m 1 T TSI 7 1L 1L\ 20 16-02-0420-27-54575.0)
mALl dE b
500
4003
300 3

2003
IDD—E F!L
04

]

g T 10 15 20 25I ISIS - .lr|=r|
{55 4: DADL D, Sig=230.8,4 Ref=360,100
W RN 25R i [EATITE 2 I vy L AT T 2
# [min] [min] [maU*s] [malr] %
----------- | ==== | ======= | === m e | mmmm e == mm e |
1 29,973 BV 1.2822 5.34407ed4  573.99091 4B.A215
2 34,565 VB 1.4760 5.654710ed4  544.49329 51.37E5
i 1.08912e5 1118.48419

49



DAD1 D, Sig=230.8.4 Ref=360,100 ('ﬁﬁﬁm‘: 4 TS 201 6-02-0421-08-33576,0)
mAL
500
400
300
200 E
100 g
o ; 7
% 1|0 1I5 ZIU 2|5 3’0 3|5 4ID min|
{ffi*F 4: DAD1 D, Sig=230.8,4 Ref=360,100
G e B LT I T [EATIR 2! e Ui ] L
# [min] [min] [mau=s] [mad] %
---------------------- | mmmmmmmmmm | == mmm e | m e |
1 30.076 BE 1.2960 5.62674e4 5T75.B4167 92.61EE
Z 36.075 BE 1.3034 4484.16455  46.98B00  7.3B12
A B.0T516ed 622, B2967
o) H
n-hexW

“wes 3g: HPLC: Chiralcel OD column, Hx/i-PrOH 92:8, 1.0 mL/min
MIiN; tminor: 41.6 Min. (37% ee)

DAD1 D, Sig=230.8.4 Ref=380,100 ('iﬁﬁﬁ::ﬁi P ETSE R\ 2016-02-0522-05-13586.0)
mal 3
600 3 i
5003
4004
300 -3
200 3
1004
VE S
IR TR D - T - T D T
{5 4: DAD1 D, Sig=230.8,4 Ref=360,100
W (R EN e A5 e i ] Ui g U [
# [min] [min] [maU*s] [m&ll] %
---------------------- | ===mmmmmmm == mmmme | mm e |
1 33.618 VB 1.3181 B.EE39Ga4 BE4.05792 K1.60E4
7 30.464 BEA 1.7078 6.45491ed 52E.T1069 48,3916
A 1.3338%9e5  1210.76862
DAD1 D, Sig-230.8,4 Rel=360,100 | 1 R 13 LTSI 11 1E\2016-02-052249-50567.D)
mALl
150 =
=
100 a -
&
50 >
0 ___A
10 "5 b " 25 ENRE Y
{5 4: DAD1 D, Sig=230.8,4 Ref=360,100
15 e 1 e T i e 7 A M U T
# [min] [min] [mAU*s] [mal] %
---------------------- e e e |
1 35.023 BE 1.3185 §175.57661  96.77043 68.3982
41,647 BE 1.3167 2853.28711  41,55940 31.6016

H

Z
‘lE;! LILN H
ol

902B.B6572 138.320983

tmajor: 35.3 min. (29% ee)

. tmajor: 350

">t 3r: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tminor: 18.4 min;
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DADT D, Sig=230.8,4 Ref=360,100 (7 fum 4 TS 1% H i L2016-01-0621-26-46441 D)
mAl 3
1000 §
800 - @
600—:
4003
200-;
0] .
'||-|||-|||-||-|||--|'|-|||-||-|||-|||-'|||-||-|||-|
10 15 20 25 35 40 45 mir|
{55 4: paDl D, 5ig=230.8,4 Ref=360,100
[ e I R U iy A W W i A
¥ [min] [min] [mAU*s] [mAal] %
——————————————— e L e el e
1 17.741 BB 0.6750 5.99314e4 1352.51636 45,5449
2 33.633 VE 1.1326 6.10324ed  T730.57074 50,4551
Bt 1.2096425 20B3.08710
DADT D, §g=230.8‘d Ref=360,100 {3 hi i 5 ET S H T IE\2016-01-1422-35-50484,0)
mAU 4 @
IE
203
-20—;
40
-60 T —
T 1T T 1 T I T
5 10 15 20 25 30 35 40 min|
{fi*5 4: DAD1 D, Sig=230.8,4 Ref=360,100
W PRETIF ] AR R LEJINE U U i)
¥ [min] [min] [mAU*s] [mAl] %
——————————————— I et e |
1 18.481 MM 0.6432 5035.13330 130.47516 35.0577
2 35,369 BB 1.1017 9327.20492 127.47256 64,0423
JaNTTy 1.43624e4 257.94772
OQK/H
“mes 35 HPLC: Chiralcel OD column, Hx/i-PrOH 80:20, 1.0 mL/min. tminor: 14.4 min;
tmajor: 23.4 min. (17% ee)
DAD1T C, Sig=226.5.4 Rel=360,100 (% [ % IETSHE 0 10\2016-01-2217-30-09520.0)
mAL 2
2000 3 o
15004
1000
0 T T
— 5 o s 20 25 "o}
{f6'% 3: DADl C, Sig=226.5,4 Ref=360,100
W CRET R S bR LEAE W WP i F4
¥ [min] [min] [maUu*s] [maU] %
——————————————— e B B el
1 13.896 VB 0.6772 1.27927e5 2410.44922 44,7058
2 22.220 BB 1.0413 1.58225e5 1856.94714 55,2041
RG% 2.B6152e5 4367.39636
DAD1 C, Sig=226.5,4 Ref=360,100 (F‘?HMJBW !\KTSU’EM*‘(—.W:\2016-01-2215-02-33521,D)
mAU 4
400 X
3004 i ﬁ‘.
200 &
100
07 n L
é 1|0 1‘5 2‘0 2‘5 iy
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{55 3: DAD1 C, Sig=226.5,4 Ref=360,100

W I (] 258 IRNE [ E TR ) Ui U [
# [min] [min] [mAU*=] [ma] %

1 14,474 MM 0.5464 B693.60045 Z265.20010 41,3537
2 23,475 BB 0.8668 1.232590e4 219.65356 SE.6463

B 2,10226e4 484, 85387

3t: HPLC: Chiralcel OD column, Hx/i-PrOH 90:10, 1.0 mL/min. tmajor: 35.6 min;

DAD1 C, Sig=226.5,4 Ref=360,100 (% fiij## 4 H TSI 5 {£\2016-01-0620-39-27440.D)

400
300
200
100

31.192

393850

-100
-200

e I e e e S S e e e B e e T [ S e e e e S I e s S e e
5 10 15 20 25 30 35 40 min|

{f§% 3: DAD1 C, S5ig=226.5,4 Ref=360,100

W fREHm) 2EHY 0 TR U [T AR U ey W T AR
# [min] [min] [mAU*s) [mAU] %
el bt |====]======= |==—mmmm - === | === |
1 31.192 BB 1.1121 4.04063e4 513.46100 49.8223
2 39.850 VB 1.1877 4.06945e4 421.76215 50.1777

VR s 8.11007e4 935.22314

DADT C, Slg=226.5 4 Ref=360,100 (% [ 5 IETSE 1 {E\2016-01-2422-23-08531.0)

300
200

100

{=3
? 35 683

(448?6

I
50_miry

f&'% 3: DAD1 C, Sig=226.5,4 Ref=360,100

W LR R Wk TR W T
# [min] [min] [mau=s=s] [man] %
———————————————————————————————— | ========== | ===

1 35.683 BB 1.2184 1.22091ed 147,38626 92,6425
2 44,876 BB 1.0428 569,62262 10.93140 T.3373
R % 1 1.31787e4  158.31766
o

_Mbs

N 3u: HPLC: Chiralcel AD column, Hx/i-PrOH 80:20, 1.0 mL/min. tminor: 21.8 min;

DADT D, Sig=230.8,4 Ref=360,100 (3 i 74 T TSIE 7, 10\2016-01-0620-02-36439.D)

mAU = i

1500 -

1250 4

1000 -
750 <
500 =
250 =

n|
=
o

——— —— —T
20 25
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5% 4: DAD1 D, 5ig=230.E,4 Ref=360,100

I R S8 IEeE U i U iy U iy L
¥ [min] [min] [mAU*=] [man]
1 20.939 BB 0.5684 6.56982ed4 1514.38025 49.7877
Z 23.255 BB 0.6204 6.62585e4 1671.67310 50,2123
REN T 1.31957e5 3486.05334
DAD1 D, Sig=230.8,4 Ref=360,100 (3 ik (4 1L TS 7 51 f£\2016-01-2421-05-32529.D)
mAU
300
250 -
200 S
150 2 S
100 ®
50 N
0 :
T T T T T
5 10 15 20 25 mil
{§% 4: Dabl Db, Sig=230.8,4 Ref=360,100
W CRET () SHERY R U iy L e iy Uy L
# [min] (min] [MAU*s] [MALT] :
1 Z21.85% BB 0.6199 BZ.87463 B.95262 13.2329
2 24.421 BB O0.6857 5133.25781 111. BOOO4  Be.T67T
G R 5916.13245 130.75266

11.Epoxidation of allylic alcohol and allylic sulfone

The allylic alcohol and allylic sulfone had been also tested under the optimum conditions:

10% Ti(Oi-Pr)4, Schiff bese 2f (10 mol%), K,CO3 (40 mol%), CHP (2.5 equiv.), 0°C and o-

xylene without further methodological study. The allylic alcohol and allylic sulfone epoxides

had been achieved by 39% yield, 41% ee and 55% yield, 37% ee respectively.

Ph._~_OH

Hy
C\
RS

10 mol % Ti(Oi-Pr),

10 mol % 2f
o-xylene, 40 mol % K,CO3
2.5 equiv. CHP, 0 °C, 72 h

o

Ph— >~ OH

39% yield, 41% ee

10 mol % Ti(Oi-Pr),

10 mol % 2f
o-xylene, 40 mol % K,CO3
2.5 equiv. CHP, 0 °C, 72 h

o Hy

WC\T

s

55% Yield, 37% ee

Scheme 2. Epoxidation of allylic alcohol and allylic sulfone

en-1>~_" HPLC: Chiralcel OD column, Hx/i-PrOH 95:5, 1.0 mL/min. tminor: 29.9 MiN; tmajor:

34.2 min. (41% ee)
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DAD1 H, Sig=215.4 Ref=360,100 (3% i ki 1 TE A7 315 L. 19-40-34627.D)
mAU 5
500 g 3
400
300
200
100
0
T T T T T T T
5 10 15 20 25 30 35 i
{55 8: DADl H, Sig=215,4 Ref=360,100
L =€ VBT B = E A U [ 3 [ TR U g W i)
# [min] [min] [mAU*s] [mAU] %
———— l———— === | === ——————— | m————————— | ———————— [
1 28.855 BB 1.5539 €.96930e4 655.74738 49,7894
2  34.637 BB 1.5251 7.02825e4 585.41052 50.2106
A E 1.39975e5 1251.15720
DADT H, Sig=215,4 Ref=360,100 (34 fike 4 £ R 177, 1L.19-42-58613.0)
mAU
1000 5 o
800 i &
600 o 3
400
200
0
'ZDU‘..|....‘....|..‘.|.‘..I|.'.‘..‘.-.r.|.‘..|‘.
10 15 20 25 0 35 40 45 mi
{#i'F 8: DAD1 H, Sig=215,4 Ref=360,100
W LTI ) S e Ui T e ey U i
# [min] [min] [mAU*s] [mau] %
-------------------------------- e |
1 29,8957 EE 0.6344 3,24877e4 TEZ.52039 29.9330
2 34.232 BB 1.5316 7.51513e4 6E89.4B456 T0.0670
Sk 1.0763%e5 1472.00494
o Ha

%1 HPLC: Chiralcel OD column, Hx/i-PrOH 85:15, 1.0 mL/min. tminor: 22.0 min; tmajor:
31.4 min. (37% ee)

DAD1 D, Sig=230.8,4 Ref=360,100 (¥ Kl A FETSH:H 7 7E21-42-33658.D)
mAU 3 5 Q
15005 d ©
12504
1000
7504
500
2504
4] - - T
5 1‘0 1|5 2‘0 2‘5 3‘0 min
fs*F 4: DADL D, Sig=230.8,4 Ref=360,100
W ) 20 0 W T A U 5y [EATE
# [min] [min] [mAl*s] [mAll] %
e R [--—-1 \ | [==—=—=—- |
1 20.927 BB 0.9023 1.18666e5 1679.61548 47.5053
2 30.330 VBA  1.1819 1.30605e5 1429.58350 52.3947
Bl 2.49271e5 3109.19897
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DAD1 D, Sig=230.8,4 Ref=360,100 (¥ kilf N FE TSI T1{k22-18-28659.D)

mAU

22.081

\

T ‘ - T
30 40

miry

f&i5 4: DAD1 D, Sig=230.8,4 Ref=360,100

L =< BT < R

# [min] [min]

U LT
[maU*s]

Ui U 1] FHL

[maU] %

|- | ==== | === === | =====mm-== | ===mmmmm - | ===m==== [
1 22.061 BE  0.7003 1.19563e4
2 31.470 BB 0.9466 2.526B2e4

3.72244e4

257.229843  31.7769
396.95706 6B.2231

654.18649
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